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Abstract: Disease gene prioritization is the processgen \6i thir hang cao sadé < duoc lua chon dé kiém
of ranking candidate genes according to theimghiém bing thrc nghém.

relevance to a disease phenotype, thus facilitatirey

Khai niém vé phan hng genduogc giéi thiéu lan

identification of disease genes by narrowing dolen t ¢y tien vao #m 2002 I3i Perez-Iratxeta vaing sr
set of genes to be tested experimentally. Mary]. Trong bai bao, Perez-Iratxeta vng sr da mo &
methods have been proposed for disease 9eRerong phap #p cin tinh toandau tiéndé giai quyét
prioritization based on relationships between piage \4n ¢ nay. K& tr d6, nhiu phrong phap tinh toan
encoded in protein-protein interaction networksngsi khac nhau & dung cac chin lugc, cac that toan va
various graph-based algorithms. In this paper, Wehguin di licu khac nhaudd dugc phat trén [2,3].
propose a novel method for prioritizing candidateTrong cac phiong phap phan dmg da cd, phrong
disease genes by combining reinforcement learninghap ara trén mang sinh lc nhr mang trong tac
with PageRank algorithm and assigning priors forproteindugc sr dung kha plb bién do dt liéu twong
known disease genes. We experimentally evaluate 3@ protein/gen ngay camgy du vada cing [3]. Cac
proposed method on a human protein interactiorbhwng phap nay el trén not quan satié 1a cac gen
network and compared its performance with a statgan quandén ciing nét bénh haic cac nh trong tr
of-the-art methods, namely PageRank with priorsgg xu hwéng mim gin nhau trong mng trong tac
Random Walk with Restart and K-Step Markov. Thgen/protein (comuoc goi 1a dic tinh “médun kEnh”).
experiment results show that our method achievgsi c¢ tH s dung k§ thuat phan lang nay, ngoai
relatively high performance in terms of AUC valuesjgy mang sinh hc, én co thidt todn phan tich
and outperforms comparative methods. mangidd thi va ¥p hang cac n(t trémd thi. Do cac
mang sinh lc trén thrc € c6 cacdic tinh du tric

l. MO DAU twong ddng Wi cac mng xa i va mang web nix

Xacdinh gen gay &nh la bai toan quandng trong
y sinh hpc va sinh bc phan . Trudéc day, viec xac
dinh gen gay &nh duoc thyc hién chi yéu bing cac
thuc nghém sinh lc. Phrong phap naydugc thec
hién cho hang #m genang vién rim trén ndt vang
nhiém sic thé kha nghi néndoi hoi nhiéu thoi gian va
chi phi ét cao. Phan4ng gen la & dung cac phong
phéap tinh toanté sip xép cac gening vién sao cho
cac gen co khnang lién quandi bénh dugc nhan thir
hang cao bon. Sau khi phandmg, ntt nhém nié cac

“kich thuéc ty do” (scale-free) va “th giéi nho”
(small-world) [4], nhéu nghién é¢u da ap ding cac
thuat toAnduoc sr dung dé phan lang cac nat trong
mang x4 Wi va mang web dé phan hng céac
gen/protein trong cacang sinh fc [5].

Cac plwong phap phandamg gen gay énh dra trén
mang trong tac proteirdugc phan thanh ptong phap
cuc by va phrong phap éng thé [2]. Phrong phép ac
bo chi xem xét cac gen lani véi gen gay bnh da
biét nhr cac gentuoc két ndi truc tiép haic théng qua
duong di ngin nhit. Cac plrong phép éng thé sir
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dung céc that toan lan trugn théng tin Bnh tr cac
gen gay bnh da biét qua & théng mang dé gan cho
cac gentng vién caaliém s danh gia nic do tuong
ddéng Wi cac gen gay énh da biét, ciing dugc xem 1a
muc do lién quan ¥i bénh dangdugc xem xét.

Vi du, phrong phap éc ndiu nhién cé quayal
(RWR: Random Walk with Restart) [6] khai th&iuc
trac Hng thé cuia mang dra trén hanh vi @a not
chuyén dong ndiu nhién trén Mt mang haydd thi.
Theo hanh vi nay, o1 thuc thé xuit phat fr mot nat
khoi dau saudd di chuyn trén do thi bing céach
chuyén dén cac nat 1an an mot cach ndu nhién i
Xac stt ty 1& vai trong $ cua cac anh Kt ndi. Tap
hop cac nit trong qué trinh di chiny1a mbt chibi
Markov vadugc goi la mot budc ndiu nhién tréndo
thi (random walk on graph).al thoi diém bat ky
trong qua trinh di chdp, thrc thé ciing c6 tié quay
lai NGt khoi dAu voi mot xac sit nhat dinh duoc goi 1a
Xac st quay hi (back-probability). Khidé ching ta
c6 the coi day la bai toan tdc ndiu nhién Wi cac xac

df V-1, $ 13 (33), thang 6/2015

tich mang x4 i va mang Web dingié danh gia dm
quan tong trong ddi cua nat nhr: HITS with priors,
PageRank with priors va K-step Markov cho bai toan
phén lang cac gening vién trén cac amg trong tac
protein.

Mot cach tép cin khac & dung xac sht tién
nghiém la PRINCE (PRloritizatioN and Complex
Elucidation)duoc phat trén bsi Vanunu va 6ng sr
[11]. PRINCE & dung thuit toan lan truyn dé du
doan gen Bnh dra vao thong tin tichdp giira kiéu
hinh Enh va mang trong tac protein. Rlong phép
nay tinh toan @i lién quan gira Mdt bénh va gen
bénh da biét voi mot bénh khac & dung ham logistic
dwa trén g tuong tr kiéu hinh gira hai Bnh. Gen lién
quan &i bénh saud6 duoc ar dung nhr x&c sit tién
nghiém dé xay drng chrc ning phan ang gen [3].

Trong bai bao nay, chung ték slung mjt pheong
phap phan 4ng mvi RL_Rank duwoc dé& xuit boi
Derhami va 6ng sr [12,13] dra trén g lién két caa
cac nut trongtd thi va khai ném v& Hoc ting arong

stét tien nghtm (random walk with priors). CAc niit 4§ phan hng céc trang Web. it phét r sy thanh

dugc thim nhiéu hon dugc coi [ cédé quan tong lon

hon. Pai lugng naydanh gia 4m quan tong trong

d6i/do twong tr cia cac nat conal so Wi tap cac nat
gdc.

Uu diém chinh @a phrong phap bréc ndiu nhién
la toc d6 thuc hién nhanh dai6 cé ti¢ 4p ding cho
cac mng co kich tixge 16n. Khi 4p ding thiuit toan
nay cho bai toan pharag gen gay énh, cac gen gay
bénh d& béét dong vai tro nix cac nat kbi dau, cac
gen con di trén mang dugc xem la cacing vién.
Kohler va éng sar [7] da ap ding thuiit todn nay trén
cac mng trong tac proteinié xac dinh cac gen gay
bénh moi. Két qua thir nghigm trén nét tap gdm 110
nhém kgnh cho ty pheong phap nayat duoc hiéu
nang dr doan bt.

Duc-Hau Le va éng sr [8,9] d& cii tién phrong
phap RWR bBng cach ing arong tiong $ hang xém
cia cac gen gayénh da bit. Cing xuit phat fr y
tuong Sr dung cAc xAc €t tién nghém, Chen va éng
su [10] d& sr dung cac that toan plé bién trong phan

cong @a céc that toan trén trong ¢c Sr dung “thi

hang diu” hay x&c st tién nghém, dé bién do quan
trong tuyét dbi cua cac nat trong amg thanhdd quan
trong trong ddi/do twong tr cia cac naddi véi mot

tap c&c nut §c, ching t6i éi tién thuat toan RL_Rank
thanh that toan RL_Rank with priorsdmg cach b

sung thém cac xac &utién nghém nhim muc dich

nang cao l§iu gu caa thuit toan. Thdt toan nayduoc

cai dat va thr nghém cho bai toan phamhg va tim
kiém gen gay &nh dra trén I dit liéu mang trong tac
protein. Két qua thuc nghém cho thy do chinh xac
ciia phrong phapdé xuat tét hon so \6i phuong phap
PageRank with priors trén cungd bdr ligu thir

nghiém.

Cac plan con hi caa bai baatugc bd cuc nhr sau:
Phin Il 1a phat béu bai toan va cac nghiéning lién
quan. PhAn Ill trinh bay cac & qua thuc nghém.
Cuwi cung la phn két luan néu caaténg gop chinh
ctia bai bao vaé xuat cac hrong aii tién moi.
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Il. CAC NGHIEN C UU LIEN QUAN VA GI Al
PHAP PHAN HANG GEN PE XUAT

Trong phin nay,dau tién chdng t6i tomat mot sd
khai ném va phrong phap lién quan,aa thiét cho
viéc trinh bay plrong phapdé xuit. Saudo, ching toi
md t ngwn dr liéu sr dung cho thre nghém va
phuong phaptanh gia Kt qua thuc nghem.

I1.1. Bai toan phan hang nat trén dé thi

Mang trong tac protein trong bai bao nayoc
biéu dién boi mot do thi vo hrdng cé tong $ G = (V,
E) trongdo tip cac nua la cac gen/protein vap cac
canh E thé hién twong tac gira cac gen/protein. Giir
cho bit trudc Sla tip cac gen énh da biét (con @i la
tap hat giong hay &p nat dc), tirc 1a ndt 5 lugng
nho cac genid dugc phat hén co lién quantén bénh
trong cac nghiénwm treéc d6. Bai toan phan dmg
gen gay Bnh dugc dinh ngha nhr sau: ChdG va ép
cac Nt gc S(Sc V), T(T<S V) latip bao gm S va
cac nut co lién & vai cac nat trong S. Hay phanarg
tat ca cac nat trondl theodo lién quan i S Do lién
guan @¢ia mt natt O T duoc dinh ngha la trung binh
cong do lién quan dat vai cac nut tronds.

121) = 1 Sres 1217 (1)

I1.2. Thu it toan PageRank with priors
PageRank with priors larand rong aia thujit toan
PageRank trudn thdng dé tao ra thit toan phan ing

df V-1, $ 13 (33), thang 6/2015
nhirng nat nay. Hai gid tmay cangdn thi thr hang
cua nutdang xét dng cangdn.

Y tuong aia PageRank with priors &inh nghia
mot vector ps = {py, ..., R} CO Xac sit truéc sao cho

ZLI;|1 pi=1 (3)

va p, biéu thi @ quan tong trong déi (hay "d6 léch

bandau") duoc gan cho nix. O day:

1
Py = {|5|
0

Ngoai ra, PageRank with Priorsimy dinh ngha
mot "xac st quay hi" g (0< < 1) la xac shit quay
tro lai cac nat ge trongSva

vVES
vVES

(4)

- (5)

doyt(u)

p(wlu) =
la x&c sét chuyén t6i natv tir nGtu.

Tich hpp cbng thirc (3), (4) va (5) vao cbng tic
(2), chang ta thdwoc codng thirc (6) 14 x&c sit dirng
lap (diém phan hng) c6 dng:

PR = (1 - B) (22" pw)PROW)) + Bp, (6)

bo lién quan éa nutv tuong quan @i S £ dugc
xécdinh tinh theo céng tke 1(v|S = PRV) sau khi i
tu.

I1.3. Thuat toan RL_Rank

thy bién [14] [15]. PageRank with priors cho phép Thuit toan RL_Rankis dyng du tric lién Kt cua

phan hng cac nat tréntd thi trong mdi twong quan
v6i mot tap cac nat §c cho tude.
Theo PageRank, thhang aia mbt natv duoc tinh
theo céng thc:
_1-d din(v) PR(u)
PR(v) = = +d) —

u=1 doye(w)

(2)

trongdé: N 1a tng & cac natd (0 <d < 1) la k& sH
suy gam va throng dugc chon 1a 0.85,di(V) la kic
vao aa natv, do,(u) la bic ra @ia natu. Y ngha aia
PageRank la th hang @6 quan tong) aia mjt nat
phu thusc vao $ nut to téi nGt d6 va thr hang aia

céc trang web vainh ngha sr phan lang theo hinh
thai aia bai toan bc tang arong. Trong gii thuat nay,
mot tac tr (agent)duoc xem nlw mot ngroi dung krét
Web va nbi trang Web la it trang thai (state). di
mdi trang, ngoi ding nkip vao nét trong ntiing lién
két co trong trang & mot xac sdt déu va quado
chuyén qua trang & tiép. N6i cach khac, khi ngi
dung clon mot trang K tiép bing cach nhp ndiu
nhién vao mt trong ntirng lién Kt cé trén trang kn
tai theo chinh sachde z(policy) thi xac sét lva cton
bang 1H.{trang hién tzi) v6i dy(trang hién tai) la
bac ra @ia trang hgn tai [13]. Khoan thuéng (reward)
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df V-1, $ 13 (33), thang 6/2015

danhdugc khi chuyn tir trang hén tai u sang trang cac thanh pin la diém sH/thi hang aia cac trang.

mai v dugc dinh nghia boi cong thirc:

Tu - (")

v doyt(u)

Diém aia trangv 1a gia ti dwoc mongdoi cua Hng
cac khan theong da gam tnr ma ndt tac tr tich lay
dugc trong sét qua trinh du§t qua cac trang chait
trangv. Tiép theo, tacit 3 thém khan theong da
nhian dugc ry, vao cac khan theong tich iy da gam
trir cia minh. Dado, diém cia mbt trangv la xac sét
duygt toi no tir cac trang khadugc ting 1én nhtu lan
boi tong cac khan thuong khi chugn d6i va céac
khoan theong tich fiy da giam tnr va duoc tinh theo
cbng thirc:

din(v)
Ren (@) = D (pr0b()/doue () X (s +YR(W)))

u=1

(8)

trong d6 R..1(V) 1a thr hang aia trangv tai thoi diém
t+1, R(u) la thr hang aia trangu tai thoi diém t, di,(V)
bac vao @a trangv, prob(u) la xac sét vé s hién
dién aaa tac tr tai trangu, do(U) 1a bic ra @a trangu,
rw 1a khain thuong danh cho ¥c chuyén tir trangu
sang trang, y (0 <y < 1) 1a 1§ 5 giam tni.

Gi4 tii cua bidu thirc prob(u)/d,.(u) 1 xac sét cia
viéc duyét toi trangv tir trangu. N6 king Wi xac st
Xuit hién cia tac & tai trangu nhan i xac sut lya
chon aia trangv khi tac tr dango trang théiu. Do tac
tr lya clon mot lién két ngiu nhién theo phan ph
xac sit déu, nén xac sit lya chyn trangv tir trangu
bang 1/ d,, (U). XAc sit xuat hign cia tac t tai trang
thai u chinh la tik hang aia trangu trong khai n¢m
vé PageRank, ddd prob(u) duoc tinh king céng tikc
phan hng aia PageRankidi véi trangu va R(u) 1a
thir hang aia trangu thé hién cac khan thuong tich
Iy d& gam trr ma tac & nhan dugc cho dén khi
duyét téi trang u. Do dé, thr hang dia trangv phu
thudc vao lc ra va ti hang aia cac trang c6 liénék
t6i v. Két qua thudugc s 1a mbt vector RL_Rank §i

Thuat toanduoc thé hién trén Hinh 1.

Input:
V:  Tdp hop tt ca cAc trang web (nat)
prob: Xac sut xuit hién aia agent &i trang u
R: Vector th¥ hang theo RL_Rank
e: S0 thyc deong rat nho
Output:
Vector R chta hgng aia cac trang web
Initialize R, prob vectors //Khéi tao ngiu nhién R v3
prob
0€0
/I Tinh toan cac gia trcua vector probgday aing chinh la
thiz hgng aia cac nut theo PageRank.
Do {
For every pagey OV

prObnew (17) = % +d Z

End for

J € |probyey— prob|

prob < prob,ew

}
While (6 >¢)
Il Sk dung cac khai mim \é Hoc ting arong dé tang
cuong diém cho céc th hgng gic aia cac ndtdé nhgn
duoc thir hang cwi cung aia chang.
0€0
Do {

For every page 1V

Mov = 1doudU)

din(v) prob(u)
u=1 doyt(u)

Rnew(®) = S0P (prob(w) /doy (w)) X (i +
yRu)

End for

6 € |Ruew—RIl

R < Riew

}
While (5 > ¢)

Hinh 1. Thidt toan RL_Rank

[I.4. Thu 4t todn RL-Rank with priors

Thuit toan RL_Rank cho phépém hang cac nit
trén mang nHt cich toan wc, trc 1a thiit toan nay
tinh toandoé quan tong néi chung hayo quan tong
tuyét dbi cua cac nit. Trong cac bai toan tindrkitrén
Web, céach &p hang nay la phu ép. Tuy nhién, mc
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tiéu aia bai toan phanang gen gay énh khoéng phi
la tinhdo quan tong tuyét ddi cua cac ndt ma la tinh
d6 quan tong trong dbi cua cac nit sodi cac nut

df V-1, $ 13 (33), thang 6/2015

nhat, tp ndt ghc trung i tap V). Do phiac tap tinh
toan @a nt lan lap 1a:

gdc (trc 1a nat trong ting Wi cac genda biét trudc la
gen gay Bnh). Bé thuc hién viéc xép hang trong doi
nhe vay, thuit todn RL_Rank an duoc cii tién phu
hop.

Dé giai quyét vin d&& nay, ching toi & dung y
teong W “thtr hang bandau” hay xac sht tién nghiém
priors trong plrong phap PageRank with priors
Trong phrong phap @a minh, chang t6i ky Bu S la
tap gen @c vadinh nghia mbt vector thr hang ban
dau ps = {py, ... Py} €O tong king 1, trongdd p, biéu
thi d6 quan tong trong ddi cua natv. O day p, = 1/
|9, dbi vaoi vOSvap, = 0ddi voi vIS Bong thyi, dinh
nghia mbt xac st quay to lai gbc g (0< A < 1) biéu
thi cho x&c sét quay tt lai cac nat gc trong quéa
trinh duyét nhim muc dich xem céac natag la quan
trong nhit. Khi d6 cong tiic cia RL_Rankduoc viét
lai nhu sau:

din(v)

Res (@) = (1= B) (T ((robesy (u)/deue (w)) X
(ruv+yRiu)+Lyv (9)

Thuat toan trong tng ding dugc Sra lai voi viéc
tinh dén cac xac sit dau prob(u) 1a x4c sét xuat hien
cua agentdi nat u (theo PageRank with priors). Tdtu
toanduoc thé hién trén Hinh 2.

Po phirc tap cia thuat todn: thuat toAndé xuat
duogc chia thanh badc chinh i tiép nhau, dald do
phic tap tinh toan 6a nd § bang do phic tap tinh
toan bn nhit trong ba kée.

Trong hréc dau tién chang téi & dung thiit toan
duyét @6 thi theo chéu rong (Breadth First Search)
néndoé phic tap tinh toan la:

O, = O(|V| + |E]) (10)
trongdé: V| 1a Hng $ nat va | 1a ng $ canh aa
d6 thi.

Budc tiép theo, chang t6i is dung thiuit toan

PageRank with priorgé tim xac sét mot nat duoc

O, = O(|V| + |E]) (11)
Input:
V: Tap hop it ca cac gen (ndt)
S: Tip cac gen dc
prob: XAc st cia agent khi dust téi gen |

priors: Vector th hang bandau cia tip tat ca cac gen
R: Vector thi hang cac gen theo RL_Rank
¢ : S thic dirong rat nhy
. Output:
Vector R clhta hgng aia cac gen
/* Sir dung thuit todn tim kim theo chiu réng dé lay
toan by cac gen lién & véi tdp gen gc */
Build Set T / Chira cac gen gc va gen lién & voi
ching
Initialize R, prob vectors// Khsi tao R va prob
Initialize priors /* Khoi tgo gia ti banddu “priors”
theo cbng tlic (4) */
€0
// Tinh todn céc gia frcia vector probgday aing chinh
la thir heng aia cac gen theo PageRank with priors.
Do {
For every gene [IA
probye, (v) =
(1= B) (Zun® (prob(w)/doe (w))) + Bpy
End for
J € |probhen—proby|
prob € probyew
}
While (5 >¢)
Il S dung céac khai rdm \é Hoc ting arong dé ting
cuong diém cho cac th hang gic aia cac genié nhin
dwoc thir hgng cwi cung aia chang.
€0
Do {
For every gene IV
Mov = 1doudU)
Rpew(@) =

@ -p) (zgm®
VRu)+ppv
End for
0 € |Reew—R]|
R € Riew

}
While (5 >¢)

((prob(w)/douc(w)) X (1 +

duyét tréndd thi tir tip nat dc (trong terdng hop xdu

Hinh 2. Thyt toan @i tién RL_Rank with priors
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Gia s sauk 1an lip, thuit toan § hoi tu va Kt
thac, nhr viy d6 phac tap tinh toandng @ng lak.O..
Do k 1 hing £ néndd phic tap tinh toan céi cung 1a
0..

O busc cwbi, dé taing arong diém cho fing nut
theo thidt todn Hc ting arong, chung téidp lai cach
thirc duyst dd thi twong tr nhue d6i véi thuat toan
PageRank with priors, nétd phac tap tinh toan &n
la:

O; = O(|V| + |E]) (12)

Nhu vay, do phic tap tinh toan ga thuit toan
RL_Rank with priors & tudn tinh va ng:

O =O(|V| + [El) (13)

I.5. Co sb dir liéu mang twong tac protein va mbi
qguan hé bénh/gen

B¢ dir liéu ar dung cho tlir nghiém aia ching toi
dugc tham kio tir [8] bao @m: mang trong tac
protein md 4 bai dd thi vé heéng c6 tong $ gdm
11.886 gen va 111.943 liérétk Dit liéu vé quan i
bénh-gen ¢m 3284 gnh, trongdd mbi bénh c6 r 1
dén 31 gen lién quana dugc phat hén. VGi mdi
bénh, fip cAc gentd biét duoc Sr dung nhr 1a tip gdc
trong qua trinh phéanahg. Do s dung phrong phap
kiém tra chéo b ra mjt (LOOCV: leave-one-out cross
validation) dé¢ danh gia hdu ning aia cac phong
phap phan dng, nén i bénh phii c6 it nHit hai gen
lién quan. Dodo tr co co dir liéu mang trong tac
protein va quan & bénh-gen, chang tdiok ra dugc
398 k&nh gay ra bi tir hai gen @ |én va cac gen nay
c0 trong mng trong tac protein.
I1.6. Phwong phapdanh gia

D¢ danh gia hju stit caa phrong phap phandmg,
dbi voi mdi bénh ching tdi & dung phrong phép
LOOCYV. Theod6, wi mdi lan lip, mit gen kénh da
biét dugc liy ra va coi nir 1a mst genting vién binh
thuong, cac gen conil dugce Sr dung nhr cac gen éc
priors lam d liéu dau vao cho thét toan. Héu suit
cia phrong phap phandmg duoc xacdinh king cach
tinh todn gia ir AUC (dién tich dréi duong cong

df V-1, $ 13 (33), thang 6/2015

ROC). Gi thé nhr sau: Vi tap gen lénh ¢4 bigt Sva
tap genung vién C (la tit ca cac gen conal trén
mang), mdt gen sOS duoc liy ra va ching toi én
hanh phan 4ng tip genC{ sitheo thuit toandé xuét
véi tap S{s} duoc sr dung nhr tp cac ndt §c. Qua
trinh nayduoc lap lai cho #it ca cac gen énh da biét.
Saudé chang t6i thayddi ngudng r tr 1 chodén
|CO{s}|. Gia tri sensitivityva 1-specificitydugc tinh
toan theo cac cbéngtth:

TP (14)

TP+FN

sensitivity =

FP
FP+TN

1 — specificity = (15)

trong d6: TP (true positive) 1a & truong hop th
nghiém ma thr hang aias < 7, FN (false negative) la
sb truong hop thr nghiém ma thir hang aias > 7, FP
(false positive) 1a & truong hyp thir nghiém ma thr
hang aiac < r (véi mdi ¢ O C), vaTN (true negative)
la & treong hop thir nghiém ma thr hang aiac > 7
(v6i mdi ¢ O C). Mot cip gia ti sensitivity va 1-
specificity tuong tng Wi mot diém trénduong cong
ROC.

ll. K ET QUA THUC NGHIEM

Trong phin nay, chiing téifanh gidanh hrong aia
cac tham & t6i tinh 6n dinh aia thuit toandong thi
lya chon b tham $ chodd chinh xac &t nhit. Sau
dé, chung toi so sanid chinh xac ¢a phrong phéap
dé xuét vsi PageRank with priors trén cung b liéu
theo gia tr AUC.
l1I.1. Anh hwéng cia cac tham $

Thuc nghém dau tiénduoc tién hanhdé danh gia
anh hrong aia cac tham&tdi hiéu qua caa phrong
phap dra trén d liéu va phrong phapdanh giada néu
& PHin 2. Gi thé, d6i voi mdi bénh, ching toda tién
hanh phan éng céc gerirng vién vatanh gia hdu qua
phan fang théng qua giaitrAUC. Gia ti AUC trung
binh trén 398 énh duoc sr dung lam Kt qua dé danh
giado chinh xac ga phrong phap.
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Dya trén Kt qua thir nghiém sy b, ching toi thy
rang: Wi gia tri # >= 0.8, khi ting hay gim gia ti y,
két qua thuc hién thuat toan u nhr khéng thayddi.
Hinh 3 cho thy véi g = 0.8, gia tr AUC trung binhon
dinh khiy bién thién trong khang [0,1]. Diéu nay la
do khi xac sht quay to lai goc 16n, cac nit gn cac
nat goc duoc thim nhiéu hon, trong khi cac ndd xa
cac nat gc it dugc tham hon, do d6 gia ti diém
thuong khoéng thaydoi nhiéu, din toi két qua phan
hang chung it thayoi. Trong trong hyp g <= 0.7 va
khi y ting tr 0.1 dén 0.4, gia tr diém theong ting
dan, din dén thr hang aia gen tik nghiém ding ting
theo va tir hang nayon dinh khiy >= 0.5. Hinh 4
biéu dién két qua thir nghiém véi g = 0.7 vay bién
thién trong khang [0,1]. Wi cac trong hop = [0.1,
0.2, 0.3, 0.4, 0.5, 0.6], ching tang thuduoc két qua
tuong ty.

Tham $ f 1a xac sét quay hi trong thuit toan
PageRank with priorsbé xac dinh anh hrong aia
tham $ f téi hiéu qua cia phrong phapdé xut,
chang t6i thét 1ap y = 0.5 va tinh gia trAUC trung
binh trén 398 &nh cho mi gia tri A khi g tang tr 0.1
dén 0.9. K&t qua thuc nghém dugc thé hién trong

GTV-1, $ 13 (33), thang 6/2015

Hinh 5 cho thy do chinh x&c @a thuit toan (i hién
qua gia tr AUC trung binh) khong thagéi nhiéu khi
thay ddi 8. Cu thé, gia ti cao nlat dat duoc khi g =
0.7 ch chénh ¢ch khaing 1% so i gia tri thap nhit
khi#=0.1.

l11.2. So sanh Wi PageRank with priors va cac
thuat toan cung lbp

Trong thrc nghém tiép theo, chiing t6i & hanh
so sanh & qua phan lang aia phrong phapdé xuit
véi PageRank with priors trén cunghtrbo dir liéu va
phuong phapdadnh gia LOOCVda dugc gidi thiéu.
Chung toi thét 1ap cac tham&tuongungy = 0.5 vas
= 0.7 @ay la B tham $ cho Kt qui phan hng 6t
nhit theodanh giad PHan 111.1). Bbi véi mdi phuong
phéap, chang téi én hanh ¥ duong cong ROC va tinh
gia ti AUC trung binh choét ca 398 k&nh hing cach
tinh cac gia ir sensitivity va 1-specificity cho trng
bénh, saudo tinh gia ti sensitivity va 1-specificity
trung binh éa 398 inh ti cAc ngrdng 7. Hinh 6 tié
hién duong cong ROC #a & hai phrong phapdugc
so sanh.
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ag V-, % 13 (33), thang 6/2015
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Bang 1. Kt qua cia RL_Rank with priors va céc thittoan cungdp

Phwong phap Tham sb p Gia tri AUC trung binh
RL_Rank with priors p=0.7 0.9612
PageRank with priors Bp=0.7 0.9192
Random Walk with Restart Bp=0.7 0.9364
K-Step Markov K=6 0.9087

Pé khing dinh thém ¢ hiéu qui caa phrong phap
dé xuit so Wi cac plrong phap cungép, ching toi
ciing da tién hanh tiee nghém phuong phapRWR
(Random Walk with Restart) va 8tep Marko' trén
cung I dir liéu va plrong phapdanh gigd Két qua
thuc nghém va gia tf cac tham & thiét 1ap duoc trinh
bay trong Bng 1.

Duya trén céc & qua thuc nghém thuduoc, chang
t6i nhan thdy rang so Wi cac phrong phap phanang
dva trén mang trong tac potein khac nir RWR, K-

step Markov thi & qua phan lang aia phrong phap
chang t6idé xuét ciing dat hiéu qua cao fon. Biéu nay
cho tHiy do chinh xac a thiat toan RL_Rank with
priors Ht hon la i sy két hop yéu t ting arong

trong Kt qua phan lang.

111.3. Ki ém chitng v& mit sinh hoc déi véi bénh cao
huyét ap

Trong phin nay, niim myc dich kiém ching W
mit sinh loc cho plrong phapdé xut, ching toi tn
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hanh phan dng cac gen lién quatén bénh cao hugt
ap (hypertension) c6 ma OMIM 145500 va thapth
cac king ching y vin cia cac gen c6 thhang cao
trong Kt qua phan lang. B6i véi bénh cao hugt ap,
chung toi tra ¢u trong © so dir liéu beénh - gen va xac
dinh dugc 18 gen Bnh trongtng (xem Bing 2a).

Bdng 2a. Danh séach cac gen gagnb cao huyt apaa biét
va % lién ket trong nung trong tac protein

dg V-1, $ 13 (33), thang 6/2015

nhung chdng 4i cé lién quandén cac inh co ti¢ 1a
nguyén nhan gay raébh cao hugt ap nhr rdi loan
chuyén hoéa km haic tiéu duong. Bdi véi cac gen
nay, chang toi xem |a rimg dé xuat cho cac nhay -
sinh hoc nghién é¢u, tim kém thém kng ching lién
quan tore tiép i bénh cao hu§t ap trongtrong lai.

Bang 2b. Danh sach 20 gen caithzng cao theo
gud phén leng aia RL-Rank with prior

Stt Gen ID Gen $ lién két
1 6401 SELE 12
2 1577 CYP3A5 55
3 8490 RGS5 .
4 50986 HYT2 0
5 444980 HYT4 0
6 1889 ECE1 13
7 5740 PTGIS 10
8 118 ADD1 2
9 100188807 HYT5 (
10 100188808 HYT6 (
11 183 AGT 95
12 185 AGTR1 20
13 117191 HYT1 0
14 2784 GNB3 44
15 481 ATP1B1 8
16 4843 NOS2 36
17 4846 NOS3 36
18 387575 HYT3 0

Téng b lién két 333

Tiép theo, chang t6i & hanh phan tich sng
tuong tac protein va trich ritroc 333 lién Kt vsi 12
gen @nhda biét (6 gen condi khong co lién &t trong
mang trong tac protein). Cac gen ndyoc ar dung
nhu tap huin luyén dé tién hanh phandng.

Sau khi tén hanh phandng, ching tdita chon 20
gen co tit hang cao nht (xem Bing 2b) va #n hanh
thu thap cac ling ching & mdi quan k¢ giita cac gen
nay va ldnh cao hugt ap tr cac y vin dugc coéng b
trong @ s& di liéu PubMed, OMIM, GeneRIFs va
BioSystems.

Tu két qua tra aru thu thip duoc, ching toi thy
ring c6 9 gerda duoc bao céo lién quanute tiép gay
ra kénh cao hugt ap (cac gedanh du * trong Bing
2b). Céac gen co thhang cao condi mac du khdng cé
bang ching trc tiép lién quandén bénh cao hugt 4p

Hang | Gen ID Gen

1 [ 1906 EDN1*
2 [ 2641 GCG*
3 | 2740 GLP1R*
4 | 6708 SPTAL
5 [119 ADD2*
6 | 4691 NCL
7 [ 4670 HNRNPM
8 | 4878 NPPA*
9 [ 1584 CYP11B1*
10 [ 1589 CYP21A2*
11 | 4881 NPR1*
12 [ 3175 ONECUT1
13 [ 7781 SLC30A3
14 [ 7779 SLC30A1
15 | 3670 ISL1
16 | 6517 SLC2A4*
17 | 148867 SLC30A7
18 | 55532 SLC30A10
19 | 1588 CYP19A1
20 | 3643 INSR

IV. KET LUAN

Trong bai bao nay, ching tdid dé xuit duoc
phuong phap kt hop khai ném hoc ting arong Wi
thuat toan PageRank with priors va apnd cho bai
toan phan ing gen ném muc dich tim kém cac gen
gay kEnh dra trén mng trong tac protein va 6i
quan l¢ bénh-genda bit. Két qua thyc nghém cho
thiy pheong phapdé xuat co thé dat dugc két qua tot
hon so i phuong phap tréc dé sr dung thifit toan
PageRank with priors. Caétkqua ciing cho thy viéc
cac mang sinh ¢ c6 nlitng diém trong dong Wi cac
mang x& i va mang Web,da cho phéprng ding va
mo réng cac that toan phan dng trang Web cho bai
toan phan ing va tim kém gen gay énh. VGi két
qua nay, ching ta cé #hthiy rang kha nang dr doan
gen Bnh msi dya tréndo quan tong trong doi/do
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trong tr cia ching so & cac gen Bnh da bit la
hoan toan kinthi va cac gering vién c6 tlk hang cao
c6 th sir dung lam @i y bandau cho cac nha sinhphb
kiém tra king cAc thi ngléim sinh ke chuyén sau.

Phrong phapdé xuit trong bai bao c6 thduoc
phat trén thanh mt phan mém tng ding dé trién khai
trong cac o so nghién ¢u v y sinh hc phic w
cong tac nghiéniw vadao to. Bong thyi ciing co tié
rng dung dé giai quyét bai toan phat Bh cac gen lién
quandén nhitng cin bénh a1 thé nhr mot s bénh ung
thu, tiéu duong, alzheimer .. D6 ding la hroc tign dé
cho vigc tim ra cac piong phapdiéu tri thich kyp cho
céac Ignh lién quanién gen.

Trong cac nghiénta tiép theo, ching tdidsthyc
hién phrong phap km nghiém két qua biang cach tim
cac ling ching y sinh fc trén cac tai du y vin v
méi lién quan gira cAc gening vién c6 tik hang cao
va kénh dang dugc xem xétDong thoi ching t6i §
thir nghiém Vi cac thit toan tinhdé trung tdm hac
tim quan tong khac @a cac nuat trénid thi va ap
dung cho bai toan tim/phéraig genung vién gay
bénh. Thém vaaio, chdng t6i @ng € tng dung thifit
toan dé xudt dua trén cac mng sinh hc khac nh:
mang traoddi chit, mang diéu hoa gen, mng trong
tac di truyn.
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